We conducted a randomized, crossover study of 60 paralysed anaesthetized adult patients to compare ease of insertion for the reinforced (RLMA) and standard laryngeal mask airway (LMA). We also test the hypothesis that oropharyngeal leak pressure (OLP) and intracuff pressure (ICP) vary with head and neck position for the two devices. OLP and ICP were documented in four head and neck positions (neutral first, then flexion, extension and rotation in random order) for each device. The size 5 was used for all patients and the ICP was set at 60 cm H 2 O in the neutral position. The first time insertion success rates were similar (LMA: 60/60 v RLMA; 59/60), but insertion time was slightly less for the LMA (6 v 8 s, P=0.004). Compared with the neutral position, OLP for the LMA was higher in flexion (21 v 28 cm H 2 O, P<0.0001) and rotation (21 v 23 cm H 2 O, P<0.0001), but lower in extension (21 v 14 cm H 2 O, P<0.0001). Compared with the neutral position, OLP for the RLMA was higher in flexion (19 v 27 cm H 2 O, P<0.0001), similar in rotation (20 v 19 cm H 2 O), but lower in extension (27 v 14 cm H 2 O, P<0.0001). The difference in OLP between flexion and extension was 13 and 14 cm H 2 O for the RLMA and LMA respectively. OLP was slightly higher for the LMA compared with the RLMA when the head was in neutral (P<0.0001) and rotation (P<0.0001), but was similar during flexion and extension. There was a significant positive correlation between ICP and OLP for the LMA (P<0.0001) and RLMA (P<0.0001). We conclude that ease of insertion is similar for the RLMA and LMA. OLP is higher with head/neck flexion and lower with extension for both devices and is associated with a similar change in ICP. We recommend assessing the efficacy of seal for all head and neck positions likely to be encountered prior to the start of surgery.
The reinforced laryngeal mask airway (RLMA), first described by Alexander in 1990 1 , was specifically designed for when the standard laryngeal mask airway (LMA) tube would interfere with the surgical field and is used in a variety of head and neck positions 2 . The RLMA is identical to the LMA in all respects except the semi-rigid airway tube has been replaced by a floppy flexometallic tube to give it flexibility and compression resistance. However, this flexibility means that force cannot be transmitted along the tube and it has been suggested that RLMA insertion is more difficult than LMA insertion 3 , though this hypothesis has not been tested. In addition, there is conflicting evidence that head and neck position influences the efficacy of seal with laryngeal mask airway (LMA) devices [4] [5] [6] . Isserles and Rozenberg 4 showed that flexion increased the airway pressure at which gas leaked from the airway into the mouth (oropharyngeal leak pressure) for the LMA, but Berry et al 5 were unable to confirm this finding. Keller and Brimacombe 6 , in a preliminary study of 20 patients, showed that oropharyngeal leak pressure (OLP) for the LMA and RLMA was higher in the flexed and lower in the extended compared with the neutral position. We considered that a follow-up study was necessary to confirm these findings and to test the hypothesis that these changes correlated with intracuff pressure.
In the following randomized, crossover study of 60 adult patients, we compare ease of insertion for the RLMA and LMA. We also test the hypothesis that oropharyngeal leak pressure (OLP) and intracuff pressure (ICP) vary with head and neck position for the two devices.
METHODS
Sixty consecutive adult patients (aged 18-80, ASA 1-2) participated in this randomized crossover trial. Ethical committee approval and informed consent were obtained. Patients were excluded if they were at risk for aspiration, had limited head and neck movement, or were otherwise unsuitable for the LMA or RLMA. Anaesthesia was induced with propofol 2.5 mg.kg -1 and maintained with sevoflurane 1 to 2% in oxygen. Muscle relaxation was achieved with rocuronium 0.6 mg.kg -1 . A size #5 device was used for all patients 5 . All LMAs and RLMAs were in routine clinical use, had been through at least 20 autoclave cycles, and had passed the pre-use check tests. Both devices were inserted into each patient in random order. Randomization was by opening a sealed envelope. Two inexperienced RLMA users (<20 uses), but experienced LMA users (>500 uses) inserted/fixed each device according to the manufacturer's recommended technique 7 . Both devices were fixed by taping the tube over the chin. The numbers of attempts taken to place the device were recorded. A failed attempt was defined as removal of the device from the mouth. The time between placement of the device in the mouth to cuff inflation was measured with a stopwatch. The ICP was adjusted to 60 cm H 2 O using a digital cuff pressure monitor (Digital P-V Gauge™, Mallinckrodt Medical, Athlone, Ireland) with the head and neck in the neutral position before each measurement. Care was taken to avoid displacement of the LMA or transmission of force along the tube during testing. OLP and ICP were documented with the head and neck in four positions in random order: neutral (occiput resting on standardized firm pillow 7 cm in height), maximum flexion, maximum extension and maximum right rotation. Readings were taken 30 to 60 seconds after adjustment of the head and neck position. OLP was measured by closing the expiratory valve of the circle system at a fixed gas flow of 3 l.min -1 , and noting the airway pressure at which the dial on a calibrated aneroid manometer (VDO Australia, accurate to 0.5 cm H 2 O) reached equilibrium (i.e., the airway pressure at which the leak was in equilibrium with fresh gas flow). The calibration of the manometer was checked before each use. The interobserver reliability and accuracy of this measuring system has recently been validated 8 . ICP was measured using the digital cuff pressure monitor. Each measurement of OLP and ICP was made three times at 10 second intervals.
An independent observer documented the number of attempts and insertion time. The anaesthetist inserting the LMA/RLMA documented the effect of head and neck position on OLP and ICP. Sample size was selected to detect a projected difference of 10% between the groups with respect to oropharyngeal leak pressure for a type I error of 0.05 and a power of 0.9. The power analysis was based on data from a preliminary study of 20 patients in which oropharyngeal leak pressures were measured in different head and neck positions 6 . The distribution of data was determined using Kolmogorov-Smirnov analysis. Statistical analysis was with paired t-test (normally distributed data) and Chi squared test (non-normally distributed data). Unless otherwise stated, data are presented as mean (95% confidence intervals). Significance was taken as P<0.05.
RESULTS
The mean (SD) age, height and weight were 38 (13) y, 175 (11) cm and 74 (15) kg respectively. The male:female ratio was 31:29. The first time insertion success rates were similar (LMA: 60/60 v RLMA; 59/60). One patient required a second attempt with the RLMA. Insertion time was shorter for the LMA (6 [5-7] v 8 [7] [8] [9] s, P=0.004). OLP and ICP in different head and neck positions are given in Table 1 . OLP was higher for the LMA compared with the RLMA when the head was in neutral and rotation, but was similar during flexion and extension. ICP was lower for the LMA compared with the RLMA in flexion, but higher for the LMA in extension and rotation. Compared with the neutral position, OLP for the LMA was higher in flexion (P<0.0001) and rotation (P<0.0001), but lower in extension (P<0.0001). Compared with the neutral position, OLP for the RLMA was higher in flexion (P<0.0001), similar in rotation (P=0.09), but lower in extension (P<0.0001). Compared with the neutral position, ICP for the LMA was higher in flexion (P<0.0001) and rotation (P<0.0001), but lower in extension (P<0.0001). Compared with the neutral position, ICP for the RLMA was higher in flexion (P<0.0001), but lower in rotation (P<0.0001) and extension (P<0.0001). The difference in OLP between flexion and extension was 13 and 14 cm H 2 O for the RLMA and LMA respectively. The difference M. BUCKHAM, M. BROOKER ET AL Anaesthesia and Intensive Care, Vol. 27, No. , December 1999 in ICP between flexion and extension was 38 and 30 cm H 2 O for the RLMA and LMA respectively. There was a significant positive correlation between ICP and OLP for the LMA (R=0.525, P<0.0001) and RLMA (R=0.495, P<0.0001).
DISCUSSION
Ease of insertion was similar for the RLMA and LMA. Although there was a significant difference in placement time, the additional two seconds required for RLMA insertion would not be considered clinically significant. It is interesting that ease of insertion was similar between devices even though the investigators had little prior experience with the RLMA. This may be related to use of the standard insertion technique which does not require force to be transmitted along the shaft, thus making the tube structure mostly irrelevant for successful insertion 9 .
OLP for the RLMA and LMA was higher in flexion and lower in extension compared with the neutral position. These data confirm the results of the preliminary study 6 . These changes are clinically important since they amount to an increase or decrease in OLP of approximately 33%. We have shown that the changes in OLP are associated with similar changes in intracuff pressure. During flexion, there is a reduction in the antero-posterior diameter of the pharynx. We postulate that the RLMA/LMA cuff is being pressed more firmly into the periglottic tissues with a resultant rise in OLP and ICP. During extension there is an increase in the antero-posterior diameter and the converse happens. The changes in OLP and ICP with flexion and extension are probably unrelated to forces transmitted along the tube, since they occurred with both devices and force cannot be transmitted along the shaft of the RLMA.
A new finding was that OLP was slightly higher for the LMA than the RLMA in the neutral position. However, the difference was 2 cm H 2 O and is probably clinically unimportant. The difference may be related to a better fit between the LMA cuff and pharyngeal tissues compared with the RLMA cuff and pharyngeal tissues since the intracuff pressures were identical. These differences in fit are probably due to differences in tube design since the cuffs are identical. The preliminary study showed a higher OLP for the LMA in rotation (P=0.04) 6 . We confirmed this finding to a greater degree of certainty (P<0.0001) and showed that ICP was also higher. These differences are probably related to the fact that the semi-rigid LMA tube is locked into the sagittal plane of the mouth/oropharynx and the LMA cuff locked into the coronal plane of the laryngopharynx. When head and neck rotation occurs, a rotational force is transmitted along the LMA tube and the cuff is pressed more firmly into the periglottic tissues. This does not occur with the RLMA since force cannot be transmitted along the shaft. There was no change in OLP or ICP during rotation for the RLMA.
We did not document the fibreoptic position of the LMA/RLMA in the current study. The preliminary study showed that there was no change in fibreoptic view with different head and neck positions 6 . It is unlikely that differences in OLP are due to distension of the oesophagus since gastric insufflation only occurs in 5% of patients when OLP is 30 cm H 2 O 10 and OLPs in our study were 14 to 28 cm H 2 O. We used the size 5 LMA in all our patients in line with a recent study 5 . It is likely that our findings can be extrapolated to other appropriately selected sizes of mask, but may not necessarily apply to situations where the selected size is too small. In theory, the increases in ICP during flexion might increase the risk of pharyngolaryngeal trauma due to a reduction in mucosal blood flow, but the size of the increase (27 to 37%) and the resultant values (76 to 82 cm H 2 O) are probably too small to be of clinical importance.
We conclude that ease of insertion is similar for the RLMA and LMA using the standard insertion technique. OLP is higher with head/neck flexion and lower with extension for both devices and is associated with a similar change in ICP. We recommend assessing the efficacy of seal for all head and neck positions likely to be encountered prior to the start of surgery.
